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Description 

This  invention  relates  to  liquid  crystal  device  align- 
ment.  Such  devices  typically  comprise  a  thin  layer  of  a 
liquid  crystal  material  contained  cell  walls.  Optically  s 
transparent  electrode  structures  on  the  walls  allow  an 
electric  field  to  be  applied  across  the  layer  causing  a  re- 
ordering  of  the  liquid  crystal  molecules  to  an  ON  state. 
On  removing  the  electric  field  the  molecules  relax  back 
to  their  OFF  state.  10 

There  are  three  known  types  of  liquid  crystal  mate- 
rial,  nematic,  cholesteric,  and  smectic  each  having  a  dif- 
ferent  molecular  ordering. 

The  present  invention  particularly  concerns  devices 
using  nematic,  long  pitch  cholesteric  or  ferroelectric  ma-  is 
terials,  and  a  surface  alignment  treatment  to  the  cell 
walls.  This  surface  alignment  aligns  liquid  crystal  mole- 
cules  in  contact  with  the  wall  in  an  alignment  direction. 
By  arranging  these  alignment  directions  orthogonal  the 
liquid  crystal  is  forced  to  adopt  a  twisted  structure  in  its  20 
voltage  OFF  state.  This  device  is  known  as  a  twisted 
nematic  device.  Addition  of  a  small  amount  of  choles- 
teric  material  to  the  nematic  material  imparts  a  preferred 
twist  direction  to  ensure  a  uniform  twist  in  the  device. 
Also  devices  can  be  made  with  angles  of  twist  greater  25 
than  90°;  eg  the  super  twisted  nematic  device,  or  270° 
twisted  nematic  device  described  in  US-4,596,446.  An- 
other  requirement  for  the  alignment  treatment  is  that  it 
should  also  impart  a  surface  tilt  to  liquid  crystal  mole- 
cules  at  the  cell  wall.  Such  a  surface  tilt  is  necessary  in  30 
some  devices  to  ensure  a  uniform  display  as  described 
eg  in  GB-1  ,472,247,  and  1,478,592. 

One  method  of  providing  alignment  is  termed  a  rub- 
bing  process  where  a  cell  wall,  with  or  without  a  polymer 
layer,  is  unidirectionally  rubbed  by  a  soft  cloth.  Liquid  35 
crystal  molecules  align  along  the  rubbing  direction,  usu- 
ally  with  a  surface  tilt  of  about  2°  or  more  depending 
upon  the  polymer  layer. 

Another  alignment  technique  is  known  as  oblique 
evaporation  of  eg  SiO,  which  can  produce  surface  tilts  40 
of  zero,  or  high  tilt  eg  30°  depending  upon  evaporation 
direction  angle.  Such  a  technique  is  cumbersome  for 
large  scale  manufacture;  but  a  more  important  problem 
is  that  it  is  difficult  to  provide  a  uniform  alignment  direc- 
tion  and  surface  tilt  over  large  areas  of  cell  walls.  45 

Short  pitch  cholesteric  materials  forming  thermo- 
chromic  displays  have  been  aligned  by  grating  struc- 
tures  embossed  into  plastic  cell  walls;  this  is  described 
in  GB  2143323  (McDonnell,  1983).  A  previous  use  of 
gratings  to  obtain  pretilted  alignment  has  utilised  a  so 
blazed  grating  crossed  with  a  sinusoidal  grating  (US 
4521080,  Funadaetal,  1985  and  Lee  etal  SID  93  Digest 
p.  957). 

The  liquid  crystal  director  then  runs  along  the  sinu- 
soidal  grooves  and  hence  over  the  blazed  grooves  55 
which  leads  to  surface  pretilt.  Pretilted  alignment  is  es- 
sential  for  liquid  crystal  devices  to  avoid  reverse  tilt  dis- 
clinations  which  can  lead  to  poor  device  quality.  One  dis- 

advantage  of  this  prior  art  is  that  it  only  provides  a  limited 
range  of  pretilts. 

This  problem  is  overcome  according  to  the  present 
invention  by  varying  the  profile  of  a  groove  along  its 
length  whereby  the  pretilt  can  be  arranged  to  have  se- 
lected  values. 

According  to  this  invention  a  liquid  crystal  device 
comprises: 

two  cell  walls  spaced  apart  and  enclosing  a  layer  of 
a  liquid  crystal  material: 

electrode  structures  on  both  cell  walls; 

a  surface  alignment  on  the  cell  walls  providing  align- 
ment  of  the  liquid  crystal  material; 

at  least  one  cell  wall  provided  with  a  bigrating  that 
provides  surface  alignment  with  pretilt: 

the  bigrating  comprising  an  asymmetric  modulated 
grating  and  a  symmetric  modulated  grating  ar- 
ranged  at  a  non-zero  angle  to  one  another  with  the 
two  gratings  having  different  groove  depth  or  pitch 
values  and  the  asymmetric  grating  having  an  asym- 
metry  that  varies  along  its  length  to  provide  align- 
ment  and  surface  pretilt  to  the  liquid  crystal  material. 

The  two  gratings  may  be  substantially,  orthogonal 
to  one  another,  or  at  other  non-zero  angles,  eg  40  to 
50°,  or  80  to  100°. 

The  asymmetric  grating  may  have  a  smaller  groove 
depth  and/or  a  longer  pitch  than  the  symmetric  grating. 

The  gratings  may  be  arranged  across  substantially 
the  whole  of  a  display  area  of  the  cell  or  may  be  arranged 
at  display  pixel  areas  only.  Further,  the  shape  of  the  two 
gratings  at  each  pixel  may  vary  within  each  pixel  area, 
or  between  adjacent  pixels.  The  directions  of  the  grat- 
ings  may  vary  with  each  pixel  area  or  between  adjacent 
pixels. 

The  gratings  may  be  applied  to  both  cell  walls  and 
may  be  the  same  or  different  shape  on  each  wall. 

One  or  both  cell  walls  may  be  coated  with  a  surface 
surfactant  over  the  whole  or  part  of  the  wall. 

The  walls  may  be  substantially  rigid,  eg  glass  ma- 
terial,  or  flexible  eg  polyolefin. 

The  gratings  may  be  formed  of  a  photoresist  mate- 
rial,  or  of  a  plastics  material  formed  by  embossing  of  eg 
polyolefin.  The  embossed  material  may  also  provide 
small  pillars  (eg  or  1-3u.m  height  and  5-50u.m  or  more 
width)  for  assisting  in  correct  spacing  apart  of  the  cell 
walls  and  also  for  a  barrier  to  liquid  crystal  material  flow 
when  a  cell  is  flexed.  Alternatively  the  pillars  may  be 
formed  by  the  material  of  the  gratings. 

The  liquid  crystal  material  may  be  a  nematic,  a  long 
pitch  cholesteric  material  with  either  positive  or  negative 
dielectric  anisotropy,  or  a  ferroelectric  material.  A  long 
pitch  cholesteric  material  has  a  typical  pitch  of  a  few  mi- 

2 



3 EP  0  808  476  B1 4 

crons  or  more.  Typical  layer  thickness  is  about  4-7u.m 
for  a  nematic  or  long  pitch  cholesteric,  and  1-3u.m  for  a 
ferroelectric  material. 

The  electrodes  may  be  formed  as  a  series  of  row 
and  column  electrodes  arranged  in  an  x,  y  matrix  of  ad- 
dressable  elements  or  display  pixels.  Typically  the  elec- 
trodes  are  200u.m  wide  spaced  20u.m  apart. 

Alternately,  the  electrodes  may  be  arranged  in  other 
display  formats,  eg  r-6  matrix,  or  7  or  8-bar  displays. 

The  invention  will  now  be  described,  by  way  of  ex- 
ample  only,  with  reference  to  the  accompanying  draw- 
ings  of  which:- 

Figure  1  is  a  plan  view  of  a  matrix  multiplex  ad- 
dressed  liquid  crystal  display; 

Figure  2  is  a  cross  section  of  the  display  of  Figure  1  ; 

Figure  3  is  a  diagrammatic  view  of  a  prior  art  bigrat- 
ing; 

Figures  4a,  b  show  details  of  a  mask  and  exposures 
to  produce  the  bigrating  of  Figure  3; 

Figures  5a,  b  are  cross  section  of  liquid  crystal  ma- 
terial  at  different  gratings  showing  local  changes  of 
liquid  crystal  director; 

Figure  6  shows  details  of  a  mask  and  exposure  to 
produce  a  bigrating  of  the  present  invention; 

Figure  7  is  a  diagrammatic  view  of  a  bigrating  of  the 
present  invention  showing  cross  section  profiles  at 
two  different  positions; 

Figure  8  is  a  graph  showing  surface  pretilt  against 
exposure  time  (and  hence  different  grating  profiles), 

Figure  9  is  a  graph  showing  midlayer  director  tilt 
against  applied  voltage  for  different  surface  pretilts, 
and 

Figure  10  is  a  graph  of  surface  pretilt  against  tem- 
perature  for  three  similar  cells  each  filled  with  the 
same  liquid  crystal  material. 

The  display  of  Figures  1  ,  2  comprises  a  liquid  crystal 
cell  1  formed  by  a  layer  2  of  nematic  or  long  pitch  chol- 
esteric  liquid  crystal  material  contained  between  glass 
walls  3,  4.  A  spacer  ring  5  maintains  the  walls  typically 
6um  apart.  Additionally  numerous  6um  diameter  glass 
beads  may  be  dispersed  in  the  liquid  crystal  material  to 
maintain  an  accurate  wall  spacing.  Strip  like  row  elec- 
trodes  6  eg  of  Sn02  or  ITO  are  formed  on  one  wall  3 
and  similar  column  electrodes  7  formed  on  the  other  wall 
4.  With  m-row  and  n-column  electrodes  this  forms  an  m. 
n  matrix  of  addressable  elements  or  pixels.  Each  pixel 
is  formed  by  the  intersection  of  a  row  and  column  elec- 

trode. 
A  row  driver  8  supplies  voltage  to  each  row  elec- 

trode  6.  Similarly  a  column  driver  9  supplies  voltages  to 
each  column  electrode  7.  Control  of  applied  voltages  is 

5  from  a  control  logic  1  0  which  receives  power  from  a  volt- 
age  source  11  and  timing  from  a  clock  12. 

Either  side  of  the  cell  1  are  polarisers  13,  13'  ar- 
ranged  with  their  polarisation  axis  crossed  with  respect 
to  one  another  and  parallel  to  an  alignment  direction  on 

10  the  adjacent  wall  3,  4  as  described  later. 
A  partly  reflecting  mirror  1  6  may  be  arranged  behind 

the  cell  1  together  with  a  light  source  15.  These  allow 
the  display  to  be  seen  in  reflection  and  lit  from  behind 
in  dull  ambient  lighting.  For  a  transmission  device,  the 

is  mirror  may  be  omitted. 
Prior  to  assembly  the  cell  walls  3,  4  are  surface 

alignment  treated  with  bigratings  as  described  later  to 
provide  a  desired  surface  pretilt.  For  example  a  cell  hav- 
ing  about  a  270°  twist  may  have  a  pretilt  of  about  5-1  5°. 

20  Suitable  liquid  crystal  materials  are  E7  (nematic), 
ZLI2293  (nematic),  along  or  mixed  with  a  cholesteric  eg 
CB15,  or  SCE8x  (smectic  Sc*)  available  from  E  Merck. 

Figure  3  shows  the  configuration  described  in  the 
prior  art  which  contains  a  substantially  symmetric  mod- 

25  ulation  of  pitch  L,  crossed  with  a  substantially  asymmet- 
ric  modulation  of  pitch  L2.  The  liquid  crystal  aligns  par- 
allel  to  the  grooves  of  the  symmetric  grooves  and  the 
pretilt  is  induced  by  the  asymmetric  grooves.  It  can  be 
shown,  as  described  below,  that  the  range  of  pretilts  ob- 

30  tained  from  this  structure  is  limited  to  two  narrow  ranges 
which  excludes  a  desired  range.  The  experimental 
method  relies  on  off-axis  photolithography  but  could  in- 
stead  use  interferography  or  embossing. 

A  piece  of  ITO  coated  glass  to  form  the  cell  wall  was 
35  cleaned  with  acetone  and  isopropanol  and  was  then 

spin  coated  with  photoresist  (Shipley  1  81  3)  at  3000  rpm 
for  30  seconds  giving  a  coating  thickness  of  1  .5u.m.  Soft- 
baking  was  then  carried  out  at  90°C  for  30  minutes. 

Two  contact  exposures  were  then  carried  out  using 
40  a  chrome  mask  containing  0.5u.m  lines  and  0.5u.m  gaps 

(hence  an  overall  pitch  of  1  urn)  as  shown  in  Figure  4. 
For  the  first  exposure  the  grating  mask  was  oriented  so 
that  the  grooves  were  in  the  plane  of  the  off-axis  expo- 
sure  at  60°  to  the  normal,  Figure  4a.  This  exposure  ge- 

45  ometry  illuminates  the  photoresist  with  a  symmetric  in- 
tensity  distribution  (and  hence  a  symmetric  grating  as 
in  Figure  3).  The  mask  in  then  released  from  the  sub- 
strate,  rotated  by  90°  and  re-clamped  so  that  the  groove 
direction  is  substantially  perpendicular  to  the  plane  of 

so  incidence  as  shown  in  figure  4b.  Exposure  in  this  geom- 
etry  leads  to  an  intensity  distribution  in  the  photoresist 
which  is  asymmetric  and  provides  an  asymmetric  grat- 
ing  shown  in  Figure  3  (see  for  example  B.  J.  Lin,  J.  Opt. 
Soc.  Am.,  62,  976  (1972)). 

55  With  this  double  exposure  method  it  is  only  essen- 
tial  that  the  second  exposure  is  carried  out  at  a  non-zero 
angle  of  incidence.  Furthermore  this  angle  does  not 
have  to  be  60°.  Typical  exposure  times  were  found  to 

3 
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be  1  20  s  for  the  first  exposure  (t-,  )  and  1  07s  for  the  sec- 
ond  exposure  (t2).  at  an  incident  intensity  of  0.8mW/cm2 
from  a  mercury  lamp.  (For  all  samples  t-,  ̂ t2  to  ensure 
that  alignment  occurred  in  the  desired  direction).  After 
the  two  exposures  the  sample  was  then  developed  for 
10  seconds  in  Shipley  MF319  and  rinsed  in  de  ionised 
water.  This  left  a  bigrating  in  the  surface  of  the  resist  in 
which  a  symmetric  modulation  was  crossed  with  an 
asymmetric  modulation.  A  hardbake  was  then  carried 
out  at  105°C  for  10  hours  to  ensure  insolubility  of  the 
photoresist  in  the  liquid  crystal.  Each  substrate  was 
found  to  give  pretilted  alignment  in  which  the  director 
was  in  the  plane  of  incidence  of  the  second,  asymmetric 
exposure  and  pretilted  towards  the  incidence  direction. 
Thus  a  pretilted  alignment  has  been  formed  using 
bigratings,  the  configuration  described  in  the  prior  art. 

These  substrates  were  then  constructed  to  make 
1  0u.m  thick  pretilt  cells  and  were  filled  with  nematic  liquid 
crystal  (E7,  Merck).  Pretilts  were  then  measured  using 
the  crystal  rotation  method  or  the  magnetic  null  method 
(T.  J.  Scheffer  and  J.  Nehring  ,  J.  Appl.  Phys.,  48,  5, 
1783  (1977)  ).  For  samples  with  t1=120s  and  t2=107s 
(see  earlier  definitions),  pretilts  in  the  range  25.0°-32.0° 
were  measured.  When  the  exposure  times  were  re- 
duced  to  t-|=90s  and  t2=80s,  pretilts  in  the  range  1.5°- 
2.4°  were  measured.  Subsequent  adjustment  of  the  ex- 
posure  times  failed  to  produce  a  pretilt  in  the  regime  of 
2.4°  -  23.1°. 

The  present  invention  aims  to  provide  pretilts  in  this 
2.4°  -  23.1°  range. 

Liquid  crystal  director  configurations  over  blazed 
grooves  is  shown  in  Figure  5a,  b.  This  shows  that  two 
distinct  regimes  exist. 

For  lower  grooves  depth  or  groove  asymmetry,  the 
director  deformations  over  the  grooves  are  predomi- 
nantly  bend  deformations  as  shown  in  figure  5a.  If  the 
groove  depth  or  asymmetry  is  increased  then  a  dramatic 
change  occurs  in  the  configuration  and  the  deformation 
now  includes  a  large  amount  of  splay  (Figure  5b);  the 
former  configuration  will  always  induce  a  low  pretilt  while 
the  latter  will  give  a  large  pretilt.  The  exact  extent  of  the 
inaccessible  regime  will  depend  on  the  liquid  crystal  ma- 
terial,  the  surface  profile  and  the  zenithal  anchoring  en- 
ergy  of  the  surface  (which  dictates  the  extent  to  which 
the  first  molecular  layer  can  be  perturbed  from  a  tangen- 
tial  orientation  with  respect  to  the  local  surface).  Thus 
the  configuration  described  above  and  in  the  prior  art 
will  always  have  a  regime  of  pretilt  which  is  inaccessible. 

A  method  for  producing  pretilts  not  obtained  by  the 
prior  art  and  in  accordance  with  an  example  of  the  in- 
vention  is  now  described.  This  allows  a  better  tunability 
of  surface  pretilt  into  regimes  which  are  useful  for  TN 
(eg  90°),  STN  (eg  270°)  and  ferroelectric  applications. 
The  method  relies  on  creating  a  structure  where  the  pro- 
file  of  the  asymmetric  grooves  varies  along  their  length 
thereby  leading  to  a  locally  varying  pretilt.  The  macro- 
scopically  observed  pretilt  has  a  uniform  single  value 
which  depends  on  the  form  of  the  variation  in  asymme- 

try.  A  practical  embodiment  of  this  principle  is  now  de- 
scribed. 

Substrates  were  first  coated  with  photoresist  as 
descibed  earlier  and  were  then  given  a  single  off  axis 

5  exposure  using  a  bigrating  as  shown  in  Figure  6.  In  the 
example  given,  the  bigrating  mask  consists  of  chrome 
rectangles  of  dimensions  0.7X0.8u.m  separated  by 
0.5u.m  gaps  in  both  directions.  Thus  the  overall  pitch  of 
the  surface  modulations  were  1.2u.m  and  1.3u.m.  The 

10  pitches  were  different  to  ensure  that  the  alignment  oc- 
curred  in  a  consistent  direction.  One  exposure  at  60° 
was  carried  out  for  227  seconds  (0.8mW/cm2  )  followed 
by  a  10  second  develop  in  MF319  as  before.  Referring 
to  Figure  6,  the  surface  formed  from  this  mask  induces 

is  low  pretilt  because  the  asymmetric  illumination  of  the 
substrate  only  occurs  in  the  regions  (b)  while  the  regions 
(a)  receive  no  asymmetry  in  exposure. 

The  grating  produced  by  this  method  therefore  has 
a  varying  cross  section  as  shown  in  figure  7.  This  leads 

20  to  a  locally  varying  pretilt  and  hence  a  lower  overall 
pretilt.  Such  grating  were  hardbaked  and  constructed  as 
1  0u.m  antiparallel  pretilt  cells.  It  was  found  that  a  surface 
exposed  for  227  seconds  induced  a  pretilt  of  1  5.4°  while 
those  exposed  for  200  seconds  induces  gave  a  pretilt 

25  of  13.8°.  Figure  8  shows  a  plot  of  pretilt  verses  exposure 
times. 

The  pretilt  can  now  be  varied  across  a  range  that  is 
usefulfor  TN,  STN  and  ferroelectric  applications.  The 
maximum  pretilt  found  with  this  configuration  is  less  than 

30  that  found  using  the  two  exposure  method  but  does  not 
suffer  from  the  two  distinct  regimes  shown  in  Figure  5 
due  to  the  periodic  variation  in  the  asymmetry. 

Such  grating  surfaces  can  be  formed  on  glass  or 
polymer  substrates  by  the  above  method  or  by  emboss- 

35  ing  (M.  T.  Gale  et  al,  J.  Appl.  Photo.  Eng.,  4,  2,  41 
(1978)),  ruling  (E.  G.  Loewen  and  R.  S.  Wiley,  Proc. 
SPIE  815,  88  (1987)  )  or  interferography  (M.  C.  Hutley, 
Diffraction  Gratings,  Academic  Press,  London,  pp. 
95-125. 

40  The  grating  surface  can  also  be  patterned  so  that  it 
is  restricted  to  the  pixel  area.  In  configurations  such  as 
a  normally  white  twisted  nematic,  the  unaligned  inter- 
pixel  gaps  would  then  appear  blank  at  all  times  dispens- 
ing  with  the  need  for  an  additional  black  matrix. 

45  The  grating  within  a  pixel  could  also  be  divided  into 
several  areas  with  different  alignment  directions  thus 
leading  to  improved  viewing  angles.  Alternatively  the 
grating  properties  can  be  varied  to  give  a  controlled  var- 
iation  in  pretilt  across  the  pixel  allowing  better  greyscale 

so  capability.  For  example  in  the  STN  configuration,  the 
voltage  threshold  is  a  function  of  the  pretilt.  See  for  ex- 
ample  Figure  9,  and  as  described  in  TScheffer  and  J. 
Nehring,  pp  A-4/19,  Seminar  Notes,  Eurodisplay  93, 
SID. 

55  In  Figure  5,  the  director  is  assumed  to  be  tangential 
to  the  local  surface  at  all  points.  If  the  grating  surface 
material  is  now  made  homeotropic  then  tilted  homeo- 
tropic  alignments  can  be  achieved.  This  can  be  done  by 

4 
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carrying  out  the  following  additional  process  steps.  After 
grating  development,  the  photoresist  is  treated  with 
deep  UV  radiation  (254nm)  to  further  polymerise  the 
surface.  The  sample  is  then  hardbaked  at  180°C  for  30 
minutes.  The  surface  can  now  accept  a  homeotropic 
surfactant  such  as  lecithin  dissolved  in  isopropanol.  By 
varying  the  grating  profile  pretilts  between  60°  and  90° 
may  be  obtained.  Such  alignment  can  be  used  for  ECB 
(electrically  controllable  birefringence)  which  uses  a 
negative  Ae  material  and  relies  on  switching  from  the 
homeotropic  to  a  planar  configuration.  Pretilt  from  the 
homeotropic  is  required  to  avoid  reverse  tilt  disclina- 
tions.  A  grating  surface  fulfilling  this  requirement  may 
lead  to  a  higher  contrast  than  conventional  devices 
which  use  rubbed  lecithin.  The  tilted  homeotropic  grat- 
ing  could  also  be  used  as  a  surface  to  accompany  the 
bistable  surface  in  a  grating  aligned  bistable  nematic  as 
described  in  GB-9402513. 

One  additional  feature  of  this  alignment  method  is 
that  the  pretilt  has  only  a  small  temperature  depend- 
ence.  Figure  9  shows  the  measured  pretilt  of  three  cells 
as  a  function  of  temperature  (each  cell  was  filled  with 
E7).  The  liquid  crystal  material  layer  thickness  was 
about  1  0urn  in  all  cells;  only  the  grating  was  slightly  dif- 
ferent  between  cells,  to  give  slightly  different  pretilts.  In 
each  case  only  a  small  rise  is  observed  across  the  entire 
nematic  range.  This  trend  is  the  opposite  of  that  ob- 
served  for  rubbed  polymer  alignment  where  pretilt  usu- 
ally  falls  with  temperature  due  to  a  decreasing  surface 
order  parameter.  In  devices  this  decrease  is  problematic 
and  leads  to  performance  degradation  at  high  temper- 
ature  (reverse  tilt  disclinations  in  TNs  and  stripes  in 
STNs).  Therefore  the  trend  observed  for  grating  align- 
ment  is  certainly  preferable  and  may  even  allow  a  small 
amount  of  temperature  compensation  of  other  effects 
(threshold  voltage,  switching  speed  etc.).  The  small 
temperature  dependence  of  pretilt  for  grating  alignment 
suggests  that  it  is  independent  of  elastic  constant  ratios. 

This  was  confirmed  by  making  two  further  and  iden- 
tical  cells,  and  filling  them  with  different  materials.  The 
cell  filled  with  E7  (k33/k11=1  .54)  possessed  a  pretilt  of 
15.6°  while  the  cell  filled  with  E170  (k33/k11=1.01)  pos- 
sessed  a  pretilt  of  16.3°  which  is  almost  within  experi- 
mental  error.  This  material  independence  of  pretilt  is  a 
further  advantage  of  grating  alignment. 

Claims 

1.  A  liquid  crystal  device  comprising:-: 

two  cell  walls  (3,  4)  spaced  apart  and  enclosing 
a  layer  (2)  of  a  liquid  crystal  material; 

electrode  structures  (6,  7)  on  both  cell  walls; 

a  surface  alignment  (R)  on  the  cell  walls  (3,  4) 
providing  alignment  of  the  liquid  crystal  materi- 

al; 

and  at  least  one  cell  wall  (3,  4)  provided  with  a 
bigrating  (Figure  7)  that  provides  surface  align- 

5  ment  with  pretilt; 

the  bigrating  comprising  an  asymmetric  modu- 
lated  grating  and  a  symmetric  modulated  grat- 
ing  arranged  at  a  non-zero  angle  to  one  another 

10  with  the  two  gratings  having  different  groove 
depth  or  pitch  values  to  provide  alignment  and 
surface  pretilt  to  the  liquid  crystal  material, 

CHARACTERISED  BY 
is  the  asymmetric  grating  having  an  asymmetry  that 

varies  along  ist  length. 

2.  The  device  of  claim  1  wherein  the  two  gratings  are 
substantially  orthogonal  to  one  another. 

20 
3.  The  device  of  claim  1  wherein  the  asymmetric  grat- 

ing  has  a  smaller  groove  depth  and/or  a  longer  pitch 
than  the  symmetric  grating. 

25  4.  The  device  of  claim  1  wherein  the  asymmetric  grat- 
ing  has  a  longer  pitch  than  the  symmetric  grating. 

5.  The  device  of  claim  1  wherein  the  gratings  are  ar- 
ranged  across  substantially  the  whole  of  a  display 

30  area  of  the  cell. 

6.  The  device  of  claim  1  wherein  the  gratings  are  ar- 
ranged  substantially  at  display  pixel  areas  only. 

35  7.  The  device  of  claim  1  wherein  the  shape  of  the  two 
gratings  at  each  pixel  varies  within  each  pixel  area 
or  between  adjacent  pixels. 

8.  The  device  of  claim  1  wherein  directions  of  the  grat- 
40  ings  varies  within  each  pixel  area  or  between  adja- 

cent  pixels. 

9.  The  device  of  claim  1  wherein  gratings  are  applied 
to  both  cell  walls  (3,  4)  and  are  of  the  same  or  dif- 

45  ferent  shape  on  each  wall. 

10.  The  device  of  claim  1  wherein  one  or  both  cell  walls 
(3,  4)  are  coated  with  a  surface  surfactant  over  the 
whole  or  part  of  the  wall. 

50 
11.  The  device  of  claim  1  wherein  the  cell  walls  (3,  4) 

are  of  substantially  rigid  material. 

12.  The  device  of  claim  1  wherein  the  cell  walls  (3,  4) 
55  are  of  a  flexible  material. 

13.  The  device  of  claim  1  wherein  the  gratings  are 
formed  of  a  photoresist  material. 

5 
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14.  The  device  of  claim  1  wherein  the  gratings  are 
formed  of  a  plastics  material. 

15.  The  device  of  claim  1  wherein  the  gratings  are 
formed  of  an  embossed  plastics  material. 

16.  The  device  of  claim  1  wherein  the  liquid  crystal  ma- 
terial  (2)  is  a  nematic  material. 

17.  The  device  of  claim  1  wherein  the  liquid  crystal  ma- 
terial  (2)  is  a  cholesteric  material  having  a  long 
pitch. 

18.  The  device  of  claim  1  wherein  the  liquid  crystal  ma- 
terial  (2)  is  a  ferroelectric  material. 

19.  The  device  of  claim  1  wherein  the  liquid  crystal  ma- 
terial  (2)  has  a  positive  dielectric  anisotropy. 

20.  The  device  of  claim  1  wherein  the  liquid  crystal  ma- 
terial  (2)  has  a  negative  dielectric  anisotropy. 

21.  The  device  of  claim  1  wherein  the  electrodes  (6,  7) 
are  formed  as  a  series  of  row  and  column  elec- 
trodes  arranged  in  an  x,  y  matrix  of  addressable  el- 
ements  or  display  pixels. 

Patentanspriiche 

1.  Flussigkristallvorrichtung,  mit: 

zwei  beabstandeten  Zellwanden  (3,  4),  die  eine 
Schicht  (2)  eines  Flussigkristallmaterials  ein- 
schlieBen; 

Elektrodenstrukturen  (6,  7)  auf  beiden  Zellwan- 
den; 

einer  Oberflachenausrichtung  (R)  auf  den  Zell- 
wanden  (3,  4),  die  die  Ausrichtung  des  Flussig- 
kristallmaterials  erzeugt;  und 

wenigstens  einer  Zellwand  (3,  4),  die  mit  einem 
Doppelgitter  (Fig.  7)  versehen  ist,  das  eine 
Oberflachenausrichtung  mit  Vorneigung  er- 
zeugt; 

wobei  das  Doppelgitter  ein  asymmetrisch  mo- 
duliertes  Gitter  und  ein  symmetrisch  modulier- 
tes  Gitter  umfaBt,  die  unter  einem  von  null  ver- 
schiedenen  Winkel  zueinander  angeordnet 
sind,  wobei  die  beiden  Gitter  unterschiedliche 
Rillentiefen-  oder  Schrittweitenwerte  aufwei- 
sen,  urn  eine  Ausrichtung  und  eine  Oberfla- 
chenvorneigung  des  Flussigkristallmaterials  zu 
erzeugen, 

dadurch  gekennzeichnet,  daB 
das  asymmetrische  Gitter  eine  Asymmetrie  auf- 
weist,  die  sich  in  seiner  Langsrichtung  andert. 

5  2.  Vorrichtung  nach  Anspruch  1,  bei  der  die  beiden 
Gitter  im  wesentlichen  zueinander  senkrecht  sind. 

3.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  asymme- 
trische  Gitter  eine  geringere  Rillentiefe  und/oder  ei- 

10  ne  groBere  Schrittweite  als  das  symmetrische  Git- 
ter  besitzt. 

4.  Vorrichtung  nach  Anspruch  1  ,  bei  der  das  asymme- 
trische  Gitter  eine  groBere  Schrittweite  als  das  sym- 

15  metrische  Gitter  besitzt. 

5.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Gitter  im 
wesentlichen  iiber  dem  gesamten  Anzeigebereich 
der  Zelle  angeordnet  sind. 

20 
6.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Gitter  im 

wesentlichen  nur  in  Anzeigepixelbereichen  ange- 
ordnet  sind. 

25  7.  Vorrichtung  nach  Anspruch  1  ,  bei  der  sich  die  Form 
der  beiden  Gitter  bei  jedem  Pixel  innerhalb  jedes 
Pixelbereichs  oder  zwischen  benachbarten  Pixeln 
andert. 

30  8.  Vorrichtung  nach  Anspruch  1  ,  bei  der  sich  die  Rich- 
tungen  der  Gitter  innerhalb  jedes  Pixelbereichs 
oder  zwischen  benachbarten  Pixeln  andern. 

9.  Vorrichtung  nach  Anspruch  1  ,  bei  der  Gitter  auf  bei- 
35  de  Zellwande  (3,  4)  aufgebracht  sind  und  an  jeder 

Wand  die  gleiche  oder  eine  unterschiedliche  Form 
besitzen. 

10.  Vorrichtung  nach  Anspruch  1  ,  bei  der  eine  der  Zell- 
40  wande  (3,  4)  oder  beide  auf  der  gesamten  Wand 

oder  auf  einem  Teil  mit  einer  grenzflachenaktiven 
Substanz  beschichtet  sind. 

11.  Vorrichtung  nach  Anspruch  1,  bei  der  die  Zellwande 
45  (3,  4)  aus  einem  im  wesentlichen  starren  Material 

bestehen. 

12.  Vorrichtung  nach  Anspruch  1,  bei  der  die  Zellwande 
(3,  4)  aus  einem  flexiblen  Material  bestehen. 

50 
13.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Gitter  aus 

einem  Photoresistlackmaterial  gebildet  sind. 

14.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Gitter  aus 
55  einem  Kunststoffmaterial  gebildet  sind. 

15.  Vorrichtung  nach  Anspruch  1  ,  bei  der  die  Gitter  aus 
einem  gepragten  Kunststoffmaterial  gebildet  sind. 

6 
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16.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Flussig- 
kristallmaterial  (2)  ein  nematisches  Material  ist. 

17.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Flussig- 
kristallmaterial  (2)  ein  cholesterisches  Material  mit  s 
groBer  Schrittweite  ist. 

18.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Flussig- 
kristallmaterial  (2)  ein  ferroelektrisches  Material  ist. 

10 
19.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Flussig- 

kristallmaterial  (2)  eine  positive  dielektrische  Aniso- 
tropie  besitzt. 

20.  Vorrichtung  nach  Anspruch  1,  bei  der  das  Flussig-  15 
kristallmaterial  (2)  eine  negative  dielektrische  An- 
isotropie  besitzt. 

21.  Vorrichtung  nach  Anspruch  1,  bei  der  die  Elektro- 
den  (6,  7)  als  eine  Reihe  aus  Zeilen-  und  Spalten-  20 
elektroden  gebildet  sind,  die  in  einer  x-y-Matrix  aus 
adressierbaren  Elementen  oder  Anzeigepixeln  an- 
geordnet  sind. 

1. 

2.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
deux  reseaux  sont  pratiquement  perpendiculaires 
I'un  a  I'autre.  55 

3.  Dispositif  selon  la  revendication  1  ,  dans  lequel  le 
reseau  asymetrique  a  une  profondeur  de  gorges 

plus  petite  et/ou  un  pas  plus  long  que  le  reseau  sy- 
metrique. 

4.  Dispositif  selon  la  revendication  1,  dans  lequel  le 
reseau  asymetrique  a  un  pas  plus  long  que  le  re- 
seau  symetrique. 

5.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  places  pratiquement  sur  toute  I'eten- 
due  de  la  surface  d'affichage  de  la  cellule. 

6.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  places  pratiquement  uniquement 
dans  les  regions  des  elements  d'image  d'affichage. 

7.  Dispositif  selon  la  revendication  1  ,  dans  lequel  la 
configuration  des  deux  reseaux  a  chaque  element 
d'image  varie  dans  la  region  de  chaque  element 
d'image  ou  entre  des  elements  d'image  adjacents. 

8.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
directions  des  reseaux  varient  dans  la  region  de 
chaque  element  d'image  ou  entre  des  elements 
d'image  adjacents. 

9.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  appliques  aux  deux  parois  (3,  4)  des 
cellules  et  ont  la  meme  forme  ou  des  formes  diffe- 
rentes  sur  chaque  paroi. 

1  0.  Dispositif  selon  la  revendication  1  ,  dans  lequel  Tune 
des  parois  (3,4)  de  la  cellule  ou  les  deux  sont  reve- 
tues  d'un  agent  tensioactif  sur  la  totalite  ou  une  par- 
tie  de  la  paroi. 

11.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
parois  (3,  4)  de  la  cellule  sont  formees  pratiquement 
d'un  materiau  rigide. 

12.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
parois  (3,  4)  de  la  cellule  sont  formees  d'un  materiau 
flexible. 

13.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  formes  d'un  materiau  de  reserve  pho- 
tographique. 

14.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  formes  d'une  matiere  plastique. 

15.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
reseaux  sont  formes  d'une  matiere  plastique  gau- 
free. 

16.  Dispositif  selon  la  revendication  1,  dans  lequel  la 
matiere  a  cristaux  liquides  (2)  est  une  matiere  ne- 
matique. 

25 
evendications 

Dispositif  a  cristaux  liquides,  comprenant  : 

deux  parois  (3,  4)  de  cellule  qui  sont  distantes  30 
et  qui  entourent  une  couche  (2)  d'une  matiere 
a  cristaux  liquides, 
des  structures  (6,  7)  d'electrodes  placees  sur 
les  deux  parois  de  la  cellule, 
un  alignement  de  surface  (R)  place  sur  les  pa-  35 
rois  (3,  4)  de  la  cellule  et  assurant  I'alignement 
de  la  matiere  a  cristaux  liquides,  et 
une  paroi  au  moins  (3,  4)  de  la  cellule  a  un  re- 
seau  double  (figure  7)  qui  assure  un  alignement 
de  surface  avec  une  inclinaison  prealable,  40 
le  reseau  double  comprenant  un  reseau  asy- 
metrique  module  et  un  reseau  symetrique  mo- 
dule  disposes  avec  un  angle  non  nul  I'un  par 
rapport  a  I'autre,  les  deux  reseaux  ayant  des 
valeurs  differentes  de  la  profondeur  des  gorges  45 
ou  du  pas  des  gorges  pour  assurer  I'alignement 
et  I'inclinaison  prealable  de  surface  de  la  ma- 
tiere  a  cristaux  liquides, 

caracterise  en  ce  que  le  reseau  asymetrique  so 
a  une  asymetrie  qui  varie  suivant  sa  longueur. 

7 
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17.  Dispositif  selon  la  revendication  1,  dans  lequel  la 
matiere  a  cristaux  liquides  (2)  est  une  matiere  cho- 
lesterique  a  pas  long. 

18.  Dispositif  selon  la  revendication  1,  dans  lequel  la  s 
matiere  a  cristaux  liquides  (2)  est  une  matiere  fer- 
roelectrique. 

19.  Dispositif  selon  la  revendication  1,  dans  lequel  la 
matiere  a  cristaux  liquides  (2)  a  uneanisotropiedie-  10 
lectrique  positive. 

20.  Dispositif  selon  la  revendication  1  ,  dans  lequel  la 
matiere  a  cristaux  liquides  (2)  a  uneanisotropiedie- 
lectrique  negative.  15 

21.  Dispositif  selon  la  revendication  1,  dans  lequel  les 
electrodes  (6,  7)  sont  formees  de  series  d'electro- 
des  de  ligne  et  de  colonne  disposees  suivant  une 
matrice  x,  y  d'elements  adressables  ou  d'elements  20 
d'image  d'affichage. 

25 

30 

35 

40 

45 

50 

8 



EP  0  808  476  B1 

F i g . 1 .  

8  

a :  
Ld 
>  
cr  
D  

o  
cr  

COLUMN  DRIVER 

7 H  

1 _   6I 

6 m  

£  
CONTROL 

-10 
CLOCK 12 

VOLTAGE' 
SOURCE 

■11 

9 



EP  0  808  476  B1 

F i g . 3 .  

L1 

F i g . 4 A .  

EXPOSURE 
DIRECTION 

10 



\  \  \  \  \  \  \  \  \  \ 
w w w w w  
x x x x x w x w  
w w w w w  
\ w \ w w w  
w w w w w  
w w w w w  
w w w w w  
W W W W W '  
W W W W W "  
W W W W W "  
W W W W W '  
W W W W W '  
\  \  W  \  W  W  \  ' 
w  \  \  \  w  \  \  \  \ 
w  w  \  \  \  \  \  \  \ 
w  \  \  \  \  \  \  \  \  \ 
w  \  \  \  \  \  \  \  \  \ 
\ \ \ \ \ \ \ \ \   I 
W  \  \  \  \  \  1  1  I W  W  \  \  \  1  I  I 
v  w  W  \  \  M  / 
W  W  \  \  \  I  / 
W  W  X  W  I 
WWW  \  1  / 
WW  \  \  \  I  I I  
N\W\  \  1  /  / 

W  W  \  I  /  / 
WW  \  I  )  /  / 

WX  \  I  \ l /  
WW  I  /  /  

w  \  I  /  
\-  —  ■/ 

X  \  X 
XXX 
\  \  \ 
\  X  \ 
\  \  \ 
\  \  \ 
\  \  \ 
\  \  \ 
■W  \  ' 
AX'  
AX'  
,  \  \  ' 
.  \  \  ' 
\  \  ' 
\  \   ̂
\  \  \ 
\  \  \ 
I ) )  
I  /  / 

/  / 
/  
/ 

\  \  \ 
\  \  \ 
\  \  \ 
\  \  \ 
\  \  \ 
\  \  \ 
\  W  ' 
W  \  ' 
V  W  ' 
V  W  ' 
>  W  ' 
,  W  ' 
.  W  ' 
\  \  N 
\  \  N 
\  \  N 
\  \  N 
I  \  N 
/  X— 
/  
/  

\  \  \ \  w  
\  w  
\  \  \ 
w  \ 
\  W  ' 
\  W  ' 
\  W  ' 
V  \  \  ' WW 
WW 
,  \  \  ' 
.  w  \ 
A W  
A W  
\  w  
w  \ 
\ \ \  

—  \ x  
\  

\  \  \  \  \  \ w w w  
w w w  
w w w  
w w w  
\  W  \  W  ' 
v  \  W  W  ' 
A  \  W  \  ' 
A  W  W  ' 
A  W  W  ' 
A  \  W  W 
A  W  W  n 
AW  W^ 
A  \  W  \  \ 
w w w  
w w w  
w w w  
w w w  

w x w w w w w  w  w  w \ w w   w  
w x w w w w w  
w x w w w w w  
w x w w w w w  
\ X \ \ \ \ \ \ \   W  \ \  
w w x x w x w w  
s X W W X W W X X '  
A W X W W   W W '  i \ X \ X X \ \ X \ \ X \ "  
A W X W W W W "  
A X W W W W W N  
A  X  X  X  X  W  \  W  \  \  \ 
w x w w w w w  
w x w w w w w  
X  X  W  W  \  \  \  \  \  \  \ \  \  \  X  w  \  \  \  \  \  \  \ \  \  \  \  \  \  \  \  \  \  \  \  \ XX  X  \  \  \  \  \  \  II \x  W  \  \  \  \  l  I \ \ \ \ \ \ \ \   1  1 \ \ \ \ \ \ \   I I I  
\ \ \ \ \ \ \   111 w  W  \  \  \  1 1 / /  
\ \ \ \ \ \ \   I I I /  w  X  X  \  \  I  /  /  / 
W W W !   i l l /  
W W W   \  I I I /  

W W W   I I I  
W W W   I I I  

w \ w   I  /  /  
W W I I /  

W  \  I  /  

X  X  X  X  X  X  X  X 
X  X  X  X  X  X  X  X 
x x w w w  
w w w   w  
x x w w w  
x w x x x w  
X  X  X  X  W  X  X  ' 
XXXXXXXX' 
\X\XXWX' 
\  X  X  X  X  X  X  X  ' 
v  X  X  X  X  X  X  \  "< 
A  X  X  X  X  X  X  n 
v  X  X  X  W  X  X  \ 
A  X  X  X  X  X  X  X 
A  W  X  X  X  X  X 
A W X W W  
\  \  w w w  
I  I  \ \ \ \ \ \  
/ /  
/  \ \  
/  \  

X  X 
X  X 
\  X 
\  X 
\  X 
\  X 
v  X 
v  X 
 ̂ X 
V  X 
,  X 
,  X 
.  X X 
X 
X 
\ \ 



EP  0  808  476  B1 

F i g . 6 .  

EXPOSURE 
DIRECTION 

F i g . 7 .  

A  —  
B  —  

—  A 
—  B 

SECTION  A  A 

SECTION  BB 

1 6 -  

1 4 -  

1 2 -  

1 0 -  

8 -  

6 -  

4 -  

2 -  

0 -  

F i g . 8 .  

150  160  170  180  190  200  210  220  2 3 0  
EXPOSURE(S)  

12 



EP  0  808  476  B1 

13 


	bibliography
	description
	claims
	drawings

